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���� 7KH�WXQLQJ�IDFWRU
7KH� JRDO� RI� WKLV� ZRUN� LV� WR� DFKLHYH� EHWWHU� GDWD�DVVLJQPHQW�RQ�GLIIHUHQW�FRQWHQGHG�QHWZRUN�OLQNV�WR�UHGXFH�WKH� WRWDO� GDWD� WUDQVIHU� WLPH�� 7R� WKLV� HQG�� ZH� GHILQH� D�FRQVHUYDWLYH�VFKHGXOLQJ�PHWKRG�WKDW�XVHV�SUHGLFWHG�PHDQV��6HFWLRQ� ������� DQG� YDULDQFHV� �6HFWLRQ� ������� IRU� QHWZRUN�FDSDFLW\�LQIRUPDWLRQ� WR�PDNH�GDWD�PDSSLQJ�GHFLVLRQV��7R�WDNH� LQWR� DFFRXQW� LQ� RXU� GDWD�VFKHGXOLQJ� GHFLVLRQV� WKH�YDULDELOLW\� RI� WKH� QHWZRUN� FDSDELOLW\��ZH� GHILQH� D�7XQLQJ�)DFWRU� �7)��� ZKLFK� UHSUHVHQWV� WKH� YDULDELOLW\� RI� WKH�EDQGZLGWK�DV�D�ZKROH�DQG��DV�VXFK��SURYLGHV WKH�³NQRE´�WR�WXQH� WR� PDNH� XVH� RI� WKH� VFKHGXOLQJ� SROLF\� PRUH� RU� OHVV�FRQVHUYDWLYH�� 7KH� EDVLF� LGHD� EHKLQG� RXU� DSSURDFK� LV� WR�DVVLJQ� OHVV�GDWD�RQ�QHWZRUN� OLQNV�ZLWK�D� ODUJHU�YDULDELOLW\�LQ� SHUIRUPDQFH�� ZKLFK� DUH FRQVLGHUHG� OHVV� ³UHOLDEOH�´�+HQFH��IRU�D� OLQN ZLWK�PRUH�YDULDEOH�EDQGZLGWK��HIIHFWLYH�EDQGZLGWK�ZLOO�EH�VPDOOHU��
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7R�YDOLGDWH�RXU�ZRUN��ZH�FRQGXFWHG�H[SHULPHQWV�RQ�WKH�*U$'V�>�@ WHVW�EHG��ZKLFK�FRPSULVHV�ZRUNVWDWLRQ�FOXVWHUV�DW� XQLYHUVLWLHV� DFURVV� WKH� 8QLWHG� 6WDWHV�� LQFOXGLQJ� WKH�8QLYHUVLW\� RI� &KLFDJR�� 8QLYHUVLW\� RI� ,OOLQRLV� DW� 8UEDQD�&KDPSDLJQ�� 8QLYHUVLW\� RI� 7HQQHVVHH�� 8QLYHUVLW\� RI�&DOLIRUQLD� DW� 6DQ� 'LHJR�� 8QLYHUVLW\ RI� +RXVWRQ�� DQG�8QLYHUVLW\� RI� 6RXWK� &DOLIRUQLD¶V� ,QIRUPDWLRQ� 6FLHQFHV�,QVWLWXWH����� ([SHULPHQWDO�PHWKRGRORJ\7R� VKRZ� WKH� YDOLGLW\� RI� RXU� WHFKQLTXH��ZH�GHILQH� ILYH�VFKHGXOLQJ� SROLFLHV� WKDW� ZH� FRPSDUH� LQ� WKH� IROORZLQJ�H[SHULPHQWV���� %HVW� 2QH� 6FKHGXOLQJ� SROLF\� �%26��� 5HWULHYH� GDWD�IURP� WKH� VRXUFH ZLWK� WKH� KLJKHVW� SUHGLFWHG� PHDQ�EDQGZLGWK���� (TXDO�$OORFDWLRQ�6FKHGXOLQJ�SROLF\��($6���5HWULHYH�WKH�VDPH�DPRXQW�RI�GDWD�IURP�HDFK�VRXUFH��
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%26 ($6 06 1766 7&6)LJXUH� �� 3HUIRUPDQFH� ZKHQ� WKH� WKUHH� VRXUFHV� DUH� LQ�GLIIHUHQW�GRPDLQV�WKDQ�WKH�GHVWLQDWLRQ�7KH�H[SHULPHQWDO� UHVXOWV� VKRZQ� LQ�)LJXUH����� LQGLFDWH�WKDW� QRQH� RI� WKH� VFKHGXOLQJ� SROLFHV� FRQVLGHUHG� SHUIRUPV�FRQVWDQWO\�EHVW��7R�FRPSDUH�WKHVH�SROLFLHV��ZH�XVHG�WKUHH�PHWULFV�� DQ� DEVROXWH� FRPSDULVRQ� RI� WUDQVIHU� WLPHV�� D�UHODWLYH�PHDVXUH�RI�DFKLHYHPHQWV��DQG�D�VWDWLVWLFDO�DQDO\VLV�RI� WKH� VLJQLILFDQFH� RI� WKH� LPSURYHPHQW� RI� RXU� VWUDWHJ\��7KH�ILUVW�PHWULF�LQYROYHV�DQ�DYHUDJH�PHDQ�DQG�DQ�DYHUDJH�VWDQGDUG�GHYLDWLRQ�IRU�DOO�WUDQVIHU�WLPHV�RI�HDFK�VFKHGXOLQJ�SROLF\�DV�D�ZKROH��DV�VKRZQ�LQ�7DEOH����7KLV�PHWULF�JLYHV�D�URXJK� HYDOXDWLRQ� RI� WKH� SHUIRUPDQFH� RI� HDFK� VFKHGXOLQJ�SROLF\�RYHU�D�JLYHQ�LQWHUYDO�RI�WLPH��:H�FDQ�VHH�IURP�WKH�UHVXOWV� LQ� 7DEOH� �� WKDW� RYHU� WKH� HQWLUH� UXQ�� WKH� 7XQHG�&RQVHUYDWLYH� 6FKHGXOLQJ� SROLF\� H[KLELWHG� ������� OHVV�RYHUDOO� WUDQVIHU� WLPH� WKDQ� WKH� %HVW� 2QH� 6FKHGXOLQJ� DQG�(TXDO�$OORFDWLRQ�6FKHGXOLQJ�SROLFLHV��SUHVXPDEO\�EHFDXVH�LW� WDNHV� ORDG� EDODQFLQJ� LQWR� DFFRXQW�� DQG� ������ OHVV�RYHUDOO�WUDQVIHU�WLPH�WKDQ�0HDQ�DQG�1RQ�7XQHG�6WRFKDVWLF�6FKHGXOLQJ� SROLF\� �SUHVXPDEO\� EHFDXVH� LW� WDNHV� QHWZRUN�SHUIRUPDQFH� YDULDELOLW\� LQWR� DFFRXQW��� :H� DOVR� VHH� WKDW�FRQVLGHULQJ� ORDG� EDODQFLQJ� DQG� YDULDWLRQ� LQIRUPDWLRQ� LQ�WKH�VFKHGXOLQJ�SROLF\�UHVXOWV�LQ�PRUH�SUHGLFWDEOH�EHKDYLRU��7KH�7XQHG�&RQVHUYDWLYH�6FKHGXOLQJ�SROLF\�H[KLELWHG�D����� ����VPDOOHU�VWDQGDUG�GHYLDWLRQ�LQ�WUDQVIHU�WLPH�WKDQ�WKH�%HVW� 2QH�� (TXDO� $OORFDWLRQ�� DQG� 1RQ�WXQHG� 6WRFKDVWLF�6FKHGXOLQJ�SROLFLHV��
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7KHVH� UHVXOWV� DUH� JLYHQ� LQ� 7DEOH� ��� ZLWK� WKH� ODUJHVW�YDOXH� LQ� HDFK� FDVH� VKRZQ� VKDGHG�� :H� VHH� WKDW� 7XQHG�&RQVHUYDWLYH�6FKHGXOLQJ�XVLQJ�SUHGLFWHG�PHDQ�DQG� WXQHG�YDULDWLRQ�LV�PRUH�OLNHO\�WR�KDYH�D�³EHVW´�RU�³JRRG´�WUDQVIHU�WLPH� WKDQ� WKH� RWKHU� DSSURDFKHV�� 7KLV� IDFW� VXJJHVWV� WKDW�DSSURSULDWHO\� WDNLQJ� DFFRXQW� RI� WKH� DYHUDJH� DQG�YDULDWLRQ�QHWZRUN� LQIRUPDWLRQ�GXULQJ� WKH� SHULRG�RI� GDWD� WUDQVIHU� LQ�WKH� VFKHGXOLQJ� SROLF\� FDQ� VLJQLILFDQWO\� LPSURYH� WKH�WUDQVIHU�WLPH��



1RWLFH� WKDW� WKH� (TXDO� $OORFDWLRQ� 6FKHGXOLQJ� SROLF\� LV�DOZD\V� ³ZRUVW´� UHODWLYH� WR� WKH� RWKHU� DSSURDFKHV� LQ� WKH�H[SHULPHQWV� VKRZQ� LQ� )LJXUHV� �±��� 7KH� UHDVRQ� LV� WKDW� LQ�WKHVH� WKUHH� H[SHULPHQWV�� QHWZRUN� FDSDELOLWLHV� DUH� KLJKO\�KHWHURJHQHRXV�� 7KXV�� WKH� (26� VWUDWHJ\� RI� DOORFDWLQJ� DQ�HTXDO�DPRXQW�RI�GDWD�WR�DOO�VRXUFHV�UHVXOWV�LQ�³XQEDODQFHG´�ZRUNORDG�DOORFDWLRQ�DQG�SRRU�SHUIRUPDQFH��,Q�FRQWUDVW��WKH�%HVW� 2QH� 6FKHGXOLQJ� SROLF\� SHUIRUPV� ZRUVW� LQ� WKH�H[SHULPHQW� VKRZQ� LQ� )LJXUH� ��� 'XULQJ� WKLV� H[SHULPHQW��QHWZRUN� FDSDELOLWLHV� DUH� VLPLODU�� DQG� WKXV� ORDG� EDODQFLQJ�VWUDWHJLHV� WKDW� GLVWULEXWH� ORDG�RYHU�PXOWLSOH� OLQNV� WHQGV� WR�SHUIRUP� EHWWHU� WKDQ� WKH� %HVW� 2QH� VWUDWHJ\� RI� VHOHFWLQJ� D�VLQJOH�³EHVW´�OLQN���7KH� WKLUG� PHWULF� XVHV� WKH� 7�WHVW� WR� HYDOXDWH� WKH�VLJQLILFDQFH�RI�WKH�LPSURYHPHQW�RI�RXU�VWUDWHJ\�RYHU�RWKHU�VWUDWHJLHV��7KH�7�WHVW�LV�D�VWDWLVWLFDO�PHWKRG�XVHG�WR�DVVHVV�ZKHWKHU� WKH� PHDQV� RI� WZR� JURXSV� DUH� VLJQLILFDQWO\�GLIIHUHQW�IURP�HDFK�RWKHU�>�@��7KH�UHVXOW�RI�D�7�WHVW�LV�D�VHW�RI�3�YDOXHV�WKDW�LQGLFDWH�WKH�SRVVLELOLW\�WKDW�WKH�GLIIHUHQFHV�FRXOG�KDYH�KDSSHQHG�E\�FKDQFH��D�ORZHU�3�YDOXH�PHDQV�D�PRUH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�JURXSV��VR�IRU�RXU�H[SHULPHQWV� VPDOOHU� QXPEHUV� DUH� EHWWHU�� 7�WHVWV� FDQ� EH�SDLUHG� RU� XQSDLUHG�� D� SDLUHG�7�WHVW� LV� XVHG� ZKHQ� WKH� WZR�JURXSV� DUH� QRW� LQGHSHQGHQW�� DQG� DQ� XQSDLUHG� WHVW� LV� XVHG�ZKHQ� WKH� WZR� JURXSV� DUH� LQGHSHQGHQW�� )RU� RXU�H[SHULPHQWV��ZH�FDOFXODWH�ERWK�SDLUHG�DQG�XQSDLUHG�7�WHVWV�EHFDXVH�LW�ZDV�QRW�DOZD\V�FOHDU�ZKHWKHU�WKH�JURXSV�VKRXOG�EH�FRQVLGHUHG�LQGHSHQGHQW�RI�RQH�DQRWKHU��,Q�DGGLWLRQ��7�WHVWV� FDQ�EH�RQH�WDLOHG��ZKLFK� LV� XVHG�ZKHQ�RQH� JURXS� LV�H[SHFWHG�WR�DOZD\V�EH�OHVV�WKDQ��RU�JUHDWHU�WKDQ��WKH�RWKHU�DQG�ZH� NQRZ� WKDW� GLUHFWLRQ�� RU� WZR�WDLOHG��ZKLFK� LV� XVHG�RQO\� WR�VKRZ�D�GLIIHUHQFH� WKDW�FDQ�VRPHWLPHV�EH� OHVV�DQG�VRPHWLPHV�EH�JUHDWHU��6LQFH�RXU�VWUDWHJ\�VKRXOG�DOZD\V�EH�EHWWHU�WKDQ�WKH�RWKHU�VWUDWHJLHV��ZH�XVH�D�RQH�WDLOHG�WHVW��7DEOH� ��� 3DLUHG� RQH�WDLOHG�7� WHVW� YDOXH� IRU� WKH�7XQHG�&RQVHUYDWLYH� VFKHGXOLQJ� SROLF\� UHODWLYH� WR� HDFK� RI� WKH�RWKHU�IRXU�SROLFLHV��([S %26 ($6 06 1766)LJ��� ����� ������ ����� �����)LJ��� ����� ������ ����� �����)LJ��� ����� ������ ����� �����)LJ��� ������ ������ ������ �����7DEOH����8QSDLUHG�RQH�WDLOHG�7�WHVW�YDOXH�IRU�WKH�7XQHG�&RQVHUYDWLYH� 6FKHGXOLQJ� 3ROLF\� UHODWLYH� WR� HDFK� RI�RWKHU�IRXU�SROLFLHV��([S %26 ($6 06 1766)LJ��� ����� ������ ����� ������)LJ��� ����� ������ ����� �����)LJ��� ����� ������ ����� ������)LJ��� ������ ������ ������ ������7KH�UHVXOWV�RI�WKH�SDLUHG�DQG�XQSDLUHG�RQH�WDLOHG�7�WHVWV�FRPSDULQJ�WKH�7XQHG�&RQVHUYDWLYH�VWUDWHJ\�ZLWK�WKH�RWKHU�IRXU� VWUDWHJLHV� DUH� VKRZQ� LQ� 7DEOH� �� DQG� 7DEOH ���

UHVSHFWLYHO\�� ZLWK� 3�YDOXHV� VPDOOHU� WKDQ� ���� VKRZQ�VKDGHG�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� WKH� SRVVLELOLW\� RI� WKH�LPSURYHPHQW� KDSSHQLQJ� E\� FKDQFH� LV� VPDOO�� 7KXV�� ZH�FRQFOXGH� WKDW� RXU� 7XQHG� &RQVHUYDWLYH� VFKHGXOLQJ� SROLF\�DFKLHYHV� VLJQLILFDQW� LPSURYHPHQWV� UHODWLYH� WR� WKH� RWKHU�WKUHH�VWUDWHJLHV�LQ�PRVW�FDVHV�7R�VXPPDUL]H�RXU�UHVXOWV��IRU�DOO�ORDGV�DQG�FDSDELOLWLHV�FRQVLGHUHG� RQ� RXU� WHVW� EHG�� WKH� 7XQHG� &RQVHUYDWLYH�6FKHGXOLQJ� SROLF\� DFKLHYHG� EHWWHU� UHVXOWV� WKDQ� GLG� WKH�RWKHU� SROLFLHV� FRQVLGHUHG�� ,W� ZDV� ERWK� WKH� EHVW� SROLF\� LQ�PRUH� VLWXDWLRQV� XQGHU� DOO� ORDG� FRQGLWLRQV�� DQG� DOVR� WKH�SROLF\� WKDW� UHVXOWHG� LQ� WKH� VKRUWHVW� WUDQVIHU� WLPH� DQG� WKH�VPDOOHVW�YDULDWLRQ�LQ�WUDQVIHU�WLPH�
�� &RQFOXVLRQ�DQG�IXWXUH�ZRUN

:H� KDYH� SURSRVHG� D� WXQHG� FRQVHUYDWLYH� VFKHGXOLQJ�SROLF\� DEOH� WR� DFKLHYH� HIILFLHQW� PXOWLSOH�VRXUFH� SDUDOOHO�GDWD� WUDQVIHUV� LQ� KHWHURJHQHRXV� DQG� G\QDPLF� QHWZRUN�HQYLURQPHQWV�� 7KLV� SROLF\� XVHV� LQIRUPDWLRQ� DERXW� WKH�H[SHFWHG�PHDQ�DQG�YDULDQFH�RI�IXWXUH�QHWZRUN�FDSDELOLWLHV�WR�GHWHUPLQH�WKH�DPRXQW�RI�GDWD�WR�WUDQVIHU�IURP�PXOWLSOH�VRXUFHV�� ,QWXLWLYHO\�� WKH� XVH� RI� YDULDQFH� LQIRUPDWLRQ� LV�DSSHDOLQJ� EHFDXVH� LW� SURYLGHV� D� PHDVXUH� RI� UHVRXUFH�³UHOLDELOLW\�´�2XU�UHVXOWV�VXJJHVW�WKDW�WKLV�LQWXLWLRQ�LV�YDOLG��2XU�ZRUN�FRPSULVHV�WZR�GLVWLQFW�FRPSRQHQWV��)LUVW��ZH�VKRZ� KRZ� WR� REWDLQ� SUHGLFWLRQV� RI� H[SHFWHG� PHDQ� DQG�YDULDQFH� QHWZRUN� LQIRUPDWLRQ� E\� H[WHQGLQJ� SUHGLFWRUV�XVHG� LQ� WKH� 1:6� V\VWHP�� 6HFRQG�� ZH� VKRZ� KRZ� WR�FRPSXWH�D�7XQLQJ�)DFWRU�WKDW�DGMXVWV�WKH�GHJUHH�WR�ZKLFK�WKH� YDULDELOLW\� LV� FRQVLGHUHG� LQ� WKH� VFKHGXOLQJ� SROLF\��EDVHG�RQ�H[SHFWHG�IXWXUH�PHDQ�DQG�YDULDQFH��7KH�7XQLQJ�)DFWRU�DFWV�DV�D�³NQRE´�WKDW�GHWHUPLQHV�KRZ�FRQVHUYDWLYH�WKH� GDWD� DOORFDWLRQ� SROLF\� VKRXOG� EH�� :H� HYDOXDWH� WKH�HIIHFWLYHQHVV�RI�RXU�SUHGLFWLRQ� WHFKQLTXHV�DQG� VFKHGXOLQJ�SROLF\� E\� DSSO\LQJ� WKHP� WR� *ULG)73�� 2XU� UHVXOWV�GHPRQVWUDWH� WKDW� RXU� WHFKQLTXH� REWDLQV� EHWWHU� WUDQVIHU�WLPHV� DQG� PRUH� SUHGLFWDEOH� WUDQVIHU� EHKDYLRU� WKDQ� GR�PHWKRGV� WKDW� IRFXV�RQ�SUHGLFWHG�PHDQV�DORQH��RU� WKDW�XVH�YDULDQFHV�LQ�D�OHVV�HIIHFWLYH�PDQQHU��,Q� WKLV� ZRUN�� ZH� RQO\� XVH� 1:6� IRU� WKH� QHWZRUN�LQIRUPDWLRQ� SUHGLFWLRQ�� :H� DUH� LQWHUHVWHG� LQ� FRPELQLQJ�RXU� FRQVHUYDWLYH� VFKHGXOLQJ� SROLF\� ZLWK� RWKHU� ORQJ�WHUP�SUHGLFWLRQ�PHWKRGRORJLHV�
$FNQRZOHGJPHQWV

:H� WKDQN�RXU�*U$'6�FROOHDJXHV� IRU� SURYLGLQJ� DFFHVV�WR� WHVWEHG� UHVRXUFHV��7KLV�ZRUN�ZDV� VXSSRUWHG LQ�SDUW� E\�WKH� *ULG� $SSOLFDWLRQ� 'HYHORSPHQW� 6RIWZDUH� �*U$'6��SURMHFW� RI� WKH� 16)� 1H[W� *HQHUDWLRQ� 6RIWZDUH� SURJUDP��XQGHU *UDQW� 1R�� ��������� DQG� LQ� SDUW� E\� WKH�0DWKHPDWLFDO�� ,QIRUPDWLRQ�� DQG� &RPSXWDWLRQDO� 6FLHQFHV�'LYLVLRQ�VXESURJUDP�RI�WKH�2IILFH�RI�$GYDQFHG�6FLHQWLILF�



&RPSXWLQJ�5HVHDUFK��2IILFH�RI�6FLHQFH��8�6��'HSDUWPHQW�RI�(QHUJ\��XQGHU�FRQWUDFW�:��������(QJ����
5HIHUHQFHV>�@ 7KH�W�7HVW��KWWS���WURFKLP�KXPDQ�FRUQHOO�HGX�NE�VWDWBW�KWP�>�@ $OOFRFN��%���%HVWHU�� -���%UHVQDKDQ�� -��� HW� DO��� 6HFXUH��(IILFLHQW� 'DWD� 7UDQVSRUW� DQG� 5HSOLFD� 0DQDJHPHQW�IRU� +LJK�3HUIRUPDQFH� 'DWD�,QWHQVLYH� &RPSXWLQJ��3URFHHGLQJV�RI�WKH�0DVV�6WRUDJH�&RQIHUHQFH�������>�@ %HFN�� 0�� DQG� 0RRUH�� 7��� 7KH� ,�� '6,� SURMHFW�� $Q�$UFKLWHFWXUH� IRU� ,QWHUQHW� &RQWHQW� &KDQQHOV��&RPSXWHU�1HWZRUNLQJ�DQG�,6'1�6\VWHPV����� �����������������>�@ %HUPDQ��)���&KLHQ��$���&RRSHU��.���HW�DO���7KH�*U$'V�3URMHFW�� 6RIWZDUH� 6XSSRUW� IRU� +LJK�OHYHO� *ULG�$SSOLFDWLRQ�'HYHORSPHQW��7KH�,QWHUQDWLRQDO�-RXUQDO�RI� +LJK� 3HUIRUPDQFH� &RPSXWLQJ� $SSOLFDWLRQV�� ������������������>�@ &]DMNRZVNL�� .��� )RVWHU�� ,��� .HVVHOPDQ�� &��� HW� DO���61$3�� $� 3URWRFRO� IRU� 1HJRWLDWLQJ� 6HUYLFH� /HYHO�$JUHHPHQWV�DQG�&RRUGLQDWLQJ�5HVRXUFH�PDQDJHPHQW�LQ� 'LVWULEXWHG� 6\VWHPV�� �WK� :RUNVKRS� 2Q� -RE�6FKHGXOLQJ� 6WUDWHJLHV� IRU� 3DUDOOHO� 3URFHVVLQJ��(GLQEXUJK��6FRWODQG�������>�@ 'LQGD��3�$���2QOLQH�3UHGLFWLRQ�RI� WKH�5XQQLQJ�7LPH�RI�7DVNV��&OXVWHU�&RPSXWLQJ�����������>�@ )HQJ�� -�� DQG� +XPSKUH\�� 0��� (OLPLQDWLQJ� 5HSOLFD�6HOHFWLRQ� �8VLQJ� 0XOWLSOH� 5HSOLFDV� WR� $FFHOHUDWH�'DWD� 7UDQVIHU� RQ� *ULG�� 3URFHHGLQJV� RI� WKH� 7HQWK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�3DUDOOHO�DQG�'LVWULEXWHG�6\VWHPV��,&3$'6��������1HZSRUW�%HDFK��&$�������>�@ )RVWHU��,��DQG�.HVVHOPDQ��&���7KH�*OREXV�3URMHFW��$�6WDWXV�5HSRUW��3URF� ,336�63'3� 
���+HWHURJHQHRXV�&RPSXWLQJ�:RUNVKRS�������>�@ )UHLWDV�� &�-��� &RIILQ�� '�%�� DQG� 0XUSK\�� 5�/��� 7KH�&KDUDFWHUL]DWLRQ� RI� D� :LGH� $UHD� 1HWZRUN�&RPSXWDWLRQ�� 3DUDOOHO� &RPSXWLQJ�� ��� ������� ��������>��@ +DIHH]�� 0��� 6DPDU�� $�� DQG� 6WRFNLQJHU�� +��� $� 'DWD�*ULG� 3URWRW\SH� IRU� 'LVWULEXWHG� 'DWD� 3URGXFWLRQ� LQ�&06��3URFHHGLQJV�RI�WKH��WK�,QWHUQDWLRQDO�:RUNVKRS�RQ�$GYDQFHG�&RPSXWLQJ�DQG�$QDO\VLV�7HFKQLTXHV�LQ�3K\VLFV�5HVHDUFK��$&$7������������>��@ ,]DO�� 0��� 8UYR\�.HOOHU�� *��� %LHUVDFN�� (�:��� HW� DO���'LVVHFWLQJ� %LW7RUUHQW�� )LYH� 0RQWKV� LQ� D� 7RUUHQW
V�/LIHWLPH�� 3URFHHGLQJV� RI� WKH� �WK 3DVVLYH� 	� $FWLYH�0HDVXUHPHQW�:RUNVKRS�������>��@ /HODQG��:�(���7DTTX��0�6���:LOOLQJHU��:���HW�DO���2Q�WKH�6HOI�6LPLODU�1DWXUH�RI�(WKHUQHW�7UDIILF��([WHQGHG�9HUVLRQ���,(((�$&0�7UDQVDFWLRQV RQ�1HWZRUNLQJ�����������

>��@ 0DORQ��'���0D\��(���5HVFRQL��6���HW�DO���*ULG�HQDEOHG�'DWD� $FFHVV� LQ� WKH� $7/$6� $WKHQD� )UDPHZRUN��3URFHHGLQJV�RI�&RPSXWLQJ�DQG�+LJK�(QHUJ\�3K\VLFV�������&+(3
����&RQIHUHQFH�������>��@ 6FKRSI�� -�0�� DQG� %HUPDQ�� )��� 8VLQJ� 6WRFKDVWLF�,QIRUPDWLRQ� WR� 3UHGLFW� $SSOLFDWLRQ� %HKDYLRU� RQ�&RQWHQGHG� 5HVRXUFHV�� ,QWHUQDWLRQDO� -RXUQDO� RI�)RXQGDWLRQV� RI� &RPSXWHU� 6FLHQFH�� 6SHFLDO� ,VVXH� RQ�3DUDOOHO�'LVWULEXWHG�&RPSXWLQJ �������>��@ 6KHQ�� ;�� DQG� &KRXGKDU\�� $��� $� 'LVWULEXWHG� 0XOWL�6WRUDJH�5HVRXUFH $UFKLWHFWXUH� DQG� ,�2�3HUIRUPDQFH�3UHGLFWLRQ� IRU� 6FLHQWLILF� &RPSXWLQJ��3URFHHGLQJV� RI�WKH� �WK� ,(((� 6\PSRVLXP� RQ� +LJK� 3HUIRUPDQFH�'LVWULEXWHG�&RPSXWLQJ��+3'&�����������SS��������>��@ 6PLWK�� :��� )RVWHU�� ,�� DQG� 7D\ORU�� 9��� 3UHGLFWLQJ�$SSOLFDWLRQ�5XQ�7LPHV�8VLQJ�+LVWRULFDO�,QIRUPDWLRQ��3URFHHGLQJV�RI� WKH� ,336�63'3
���:RUNVKRS�RQ�-RE�6FKHGXOLQJ�6WUDWHJLHV�IRU�3DUDOOHO�3URFHVVLQJ�������>��@ 6XQ��;��DQG�:X��0���*ULG�+DUYHVW�6HUYLFH��$�6\VWHP�IRU� /RQJ�WHUP�� $SSOLFDWLRQ�OHYHO� 7DVN� 6FKHGXOLQJ��,QWHUQDWLRQDO� 3DUDOOHO� DQG� 'LVWULEXWHG� 3URFHVVLQJ�6\PSRVLXP��,3'36
�����1LFH��)UDQFH�������>��@ 7LHUQH\�� %��� -RKQVWRQ�� :�(��� +HU]RJ�� +��� HW� DO���'LVWULEXWHG� 3DUDOOHO� 'DWD� 6WRUDJH� 6\VWHPV�� $�6FDODEOH� $SSURDFK� WR� +LJK� 6SHHG� ,PDJH� 6HUYHUV��3URFHHGLQJV�RI�WKH�$&0�0XOWLPHGLD�������>��@ 9D]KNXGDL�� 6�� DQG� 6FKRSI�� -�0��� 8VLQJ� 5HJUHVVLRQ�7HFKQLTXHV�WR�3UHGLFW�/DUJH�'DWD�7UDQVIHUV��-RXUQDO�RI� +LJK� 3HUIRUPDQFH� &RPSXWLQJ� $SSOLFDWLRQV�6SHFLDO�,VVXH�RQ�*ULG�&RPSXWLQJ��,QIUDVWUXFWXUH�DQG�$SSOLFDWLRQV �������>��@ :ROVNL�� 5��� 6SULQJ�� 1�� DQG�+D\HV�� -��� 7KH� 1HWZRUN�:HDWKHU� 6HUYLFH�� $� 'LVWULEXWHG� 5HVRXUFH�3HUIRUPDQFH�)RUHFDVWLQJ�6HUYLFH�IRU�0HWDFRPSXWLQJ��-RXUQDO� RI� )XWXUH� *HQHUDWLRQ� &RPSXWLQJ� 6\VWHPV���������������>��@ <DQJ�� /��� )RVWHU�� ,�� DQG� 6FKRSI�� -�0��� +RPHRVWDWLF�DQG� 7HQGHQF\�EDVHG� &38� /RDG� 3UHGLFWLRQV��3URFHHGLQJV� RI� ,QWHUQDWLRQDO� 3DUDOOHO� DQG�'LVWULEXWHG� 3URFHVVLQJ� 6\PSRVLXP� �,3'36������������>��@ <DQJ�� /��� 6FKRSI�� -�0�� DQG� )RVWHU�� ,��� &RQVHUYDWLYH�6FKHGXOLQJ�� 8VLQJ� 3UHGLFWHG� 9DULDQFH� WR� ,PSURYH�6FKHGXOLQJ� 'HFLVLRQV� LQ� '\QDPLF� (QYLURQPHQWV��3URFHHGLQJV�RI�6XSHU&RPSXWLQJ������������>��@�$OOFRFN��%���%UHVQDKDQ��-���.HWWLPXWKX��5���/LQN��0���'XPLWUHVFX�� &��� 5DLFX�� ,�� DQG� )RVWHU�� ,�� 7KH� *OREXV�6WULSHG� *ULG)73� )UDPHZRUN� DQG� 6HUYHU��ZZZ�JOREXV�RUJ��������
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